In this study the validity of the purchasing power parity (PPP) 
Introduction
Purchasing power parity (PPP) theory, which is the most prominent theory of how exchange rates are determined, asserts that exchange rates between any two countries will adapt in the long-run to indicate changes in the price levels of the two countries.
In its simplest form, PPP states that the real exchange rate should equal one. PPP is also one of the crucial pillars of support in the open economy macroeconomic models and thus, its violation brings the validity of these models under question (Taylor, 1995; Sarno, 2005) . Furthermore, as stated in Sarno and Taylor (2001) , PPP is employed to establish the extent of misalignment of nominal exchange rates and thereby to analyze the income differences across countries, and thus, actions adopted by governments based on these calculations only makes sense when PPP holds. For all these reasons, analyzing the validity of PPP has become one of the central issues in open economy macroeconomics and international finance 2 . In the real world, however, we would not in general expect PPP to hold exactly and continuously due to the existence of transportation costs and legal barriers to trade, or non-traded goods.
Thus, economists consider PPP as a long-run equilibrium condition. However, as in the "overshooting" model, real economic shocks (such as productivity shocks) can
give rise to continuing deviations from PPP (Dornbush, 1976) . Also Sarno and Taylor (2002) and Rogoff (1996) have argued that, the real exchange rate (RER) becomes close to a random walk principally for supply shocks that show high persistence. A major part of this literature tests the validity of the PPP hypothesis by conducting stationary tests on the RER series. While a real exchange rate with a unit root would violate the PPP, the one that is stationary would verify its existence.
In spite of the burgeoning number of studies in this field, the results of the studies on the PPP hypothesis still remains largely indecisive due to the econometric challenges concerned with identifying stationary RER series. The idea that the deviations from PPP are temporary have met with failure when trying to recoincile the theory with the data. The conventional Dickey-Fuller unit root tests have particularly refuted the PPP theory. This evident inconsistency has brought this issue to economists attention and was named as the "PPP puzzle" (Rogoff, 1996; Taylor, 2001; Sarno and Taylor, 2002) . Along these lines, Taylor (2003 Taylor ( , 2006 have argued that the conventional tests of unit root do not have enough power and thus, lead to deceiving results. The focus of this research agenda has therefore moved to investigating alternative frameworks within which to verify the purchasing power parity theory and thereby pawed the way for utilizing panel unit root tests and/or permitting nonlinearities in the PPP adjustment. After a comprehensive overview, two main conclusions can be drawn from this more recent econometric analysis. First, studies that utilize a much longer span of data and/or allow for the use cross-sectional information in the panel data tend to find relatively stronger evidence supporting the stationary behaviour in the RER series (e.g. Wei and Parsley, 1995; Oh, 1996; Frankel and Rose, 1996; MacDonald, 1996; Wu, 1996; Papell, 1997 , Koedijk et al., 1998 Fleissig and Strauss, 2000; and Kuo and Mikkola, 2001) 3 . Second, there is strong evidence that the RER is mean reverting, but that the adjustment to this mean follows a nonlinear process (Goldberg et al., 1997; Michael et al., 1997; Sarantis, 1999; Taylor and Peel, 2000; Baum et al., 2001; Taylor et al., 2001; Sollis et al., 2002; Liew et al., 2003; Liew, 2004) . In this study we take stock of these two findings and in light of them test the PPP hypothesis for the 24 major OECD countries over the period 1990:1-2013:12 using panel data and allowing for nonlinear mean reversion.
Although using the panel data approach has its own merits (i.e., increasing the power of the conventional unit root tests), it also creates additional problems otherwise absent in univariate time series techniques. First, it is well documented in the literature that conventional panel unit root tests that do not consider CSD lead to serious size distortions. Allowing for CSD is especially important when testing for PPP, because RERs by construction contain two common components: the foreign price index, and the value of the numeraire currency, which naturally causes them to be cross-sectionally dependent (O' Connell, 1998; Carvalho and Julio, 2012) . Second;
if the panel unit root test leads to the rejection of the unit root null, then this does not mean that all of the series in the panel contain a unit root Sarno and Taylor, 1998) . In other words, the test does not give us information about the countries for which the unit root null is rejected. To correct for this flaw, after the null hypothesis of a unit root is rejected it is fairly crucial to decompose the panel into its I(0) and I(1) components.
The idea that the RER behaves like a nonlinear stationary process was put forward by theoretical models that highlight the role of transaction costs and frictions in international arbitrage, and monopolistic pricing (e.g. Dumas, 1992; Chari et al., 2000 , Sercu et al., 1995 . In these models, while large discrepancies from PPP will be eliminated quickly through the arbitrage process, small deviations are not expected to revert to equilibrium. Nonlinearity in the RER series can stem from other sources such as, speculative attacks on currencies, heterogeneity of buyers and sellers, official interventions, and the presence of target zones (Emirmahmutoglu and Omay, 2014) .
To take such nonlinear behavior into account, the RER series are commonly modelled as a globally stationary exponential smooth transition autoregressive (ESTAR) model with a unit root central regime (Michael et al., 1997; Baum et al., 2001; . Fortunately, Kapetanious et al. (2003) have developed a time series unit root test where the alternative hypothesis exactly considers the ESTAR behavior described above.
However, an implicit assumption underlying the ESTAR model is symmetric nonlinear mean reversion (Sollis, 2009 ). This particular assumption may be overly restrictive for real exchange rates, since official interventions may induce real exchange rates to display asymmetric behavior if policymakers act asymmetrically in reaction to changes in the value of the currency (Enders and Dibooglu, 2001) . Along these lines, Sollis et al. (2002) have shown that for a vast number of industrialized countries real appreciations of the U.S. dollar tend to last less than real depreciations of the same amount. Sollis (2009) have corroborated the findings of Sollis et al (2002) by demonstrating strong asymmetry in the RERs of Nordic countries. Dutta and Leon (2002) have also confirmed the existence of asymmetry but with a reverse pattern existing for emerging market economies in the sense that, policymakers now allow real appreciations to persist longer than depreciations. As argued in Enders and Dibooglu (2001) , another source of asymmetric adjustment in case of RERs is downward sticky national prices. These authors show that prices and exchange rates adjust differently in reaction to positive and negative deviations from the PPP. Banerjee (2012) have tested the PPP theory for developing countries such as;
Bangladesh, Pakistan, India and Sri Lanka by using the ADF and PP tests with structural change. These authors have again failed to find any evidence giving support to the PPP theory for these developing countries. Similarly, the studies including Froot and Rogoff (1995) , Rogoff (1996) , Sarno and Taylor (2002) have used standard univariate unit root tests and failed to verify the PPP hypothesis.
With the failure of the standard univariate unit root tests to provide significant support for the PPP, many researchers started to use panel data techniques to increase the size and power of the conventional unit root tests. In general, the studies that apply the panel unit root tests tend to find a greater support in favor of the PPP hypothesis when compared to the univariate tests. For instance, Frankel and Rose (1996) It is important to note that the aforementioned panel unit root tests ignore the existence cross sectional dependence (CSD) in the countries under investigation.
However, as mentioned above, handling CSD across individual units is crucial in developing a panel unit root test because ignoring cross sectional dependence would produce important power losses and size distortions. To overcome these problems second generation panel unit root tests have proposed that take CSD into account.
Along these lines, Christidou and Panagiotidis (2010) have also applied the panel unit root tests proposed by Pesaran (2007) and Hadri and Kurozumi (2008) P . Therefore, if the LOOP doesn't hold, the arbitrage opportunity will occur and the price levels will eventually converge to each other.
The theory supposes that are no transaction costs, taxes, trade barriers to international trade, and also assume that perfect competition exists in the markets. If these assumptions do not hold, then arbitrage opportunities can emerge for importers and exporters in the international market.
The absolute PPP theory is an aggregated version of the LOOP given in equation (3.1) and suggests that If absolute PPP is violated, then the relative PPP will also be violated. However, relative PPP violation does not necessitate the violation of the absolute PP condition.
Methodology
In this section we first describe the asymmetric ESTAR (AESTAR) model developed by Sollis (2009) and then present the unit root testing procedure proposed by Emirmahmutoglu and Omay (2014) , which is an extension of the Sollis (2009) test to heterogenous panels.
The AESTAR model hypothesizes that the real exchange rate adjusts according to the following process: (Sollis, 2009 ). In the model given above, the central or middle regime corresponds to 1 0 t q   when G = 0, while the outer regimes correspond to 1 t q   when G = 1. Michael et al. (1997) assert that transaction costs including transportation costs, tariff payments, import licensing fees, and the purchase of foreign exchange, are an important characteristic of international trade 5 . These market frictions establishes a band within which the discrepancies from the PPP are not corrected since they are fairly small to cover the transaction costs. However; if the deviation from the PPP is large (ie., outside this band), then the profitability of arbitrage is also higher (than when this deviation is small) and as a result large discepancies happen to be mean reverting (i.e., they are arbitraged away). As a result, the speed of adjustment to PPP equilibrium varies inversely with the size of the deviation itself. In other words, the larger the discrepancy from the PPP the more quickly is the discrepancy eliminated through the process of commodity arbitrage. In the context of the model given above, if RERs are nonlinearly mean-reverting, then the model given above implies that t q may be characterized by a unit root component for small discrepancies from the longrun equilibrium (corresponding to the middle regime for which G = 0) but should eventually be mean-reverting the larger is the discrepancy from equilibrium An ESTAR model assumes that the adjustment to PPP deviations must be the same for positive and negative deviations from equilibrium. Although the studies including Michael et al. (1997) , Taylor et al. (2001) and Baum et al. (2001) assume symmetric adjustment in the real exchange rate, there are others in the literature that allow for asymmetric adjustment. For instance, Liew (2004) , Sollis et al. (2002) , and Dutta and Leon (2002) have demonstrated that the US dollar based real exchange rates exhibited asymmetrical responds towards appreciation and depreciation. For developed countries depreciations seem to persist more than appreciations of the same amount, which is rationalized on the grounds that depreciations stimulate net exports and therefore are allowed to persist more by policy makers.
To take these potential asymmetries into account, Sollis (2009) 
(4.5) 
In the above given equation, the unit root hypothesis can be tested against the 
In this framework, the null hypothesis becomes 
Data and Results
In this section, the PPP hypothesis is examined for 24 OECD countries over the To test whether the RERs exhibit mean reversion, in addition to the EO test, two alternative panel unit root tests were also applied to the RERs of the OECD countries for comparison. The first of these tests is the conventional panel unit root test of IPS.
However, the IPS test is criticized on the grounds that it ignores CSD. This assumption is very restrictive given the cross-section correlation and repurcussion effects that exists in the RERs across countries. Therefore, to solve the size problem 6 For details of this methodology, see Emirmahmutoglu and Omay (2014) .
7 The same data set was utilized in an earlier study by Özdamarlar (2014) . She has tested the PPP hypothesis for the same set of countries and time interval using a battery of unit root tests with the exception of the EO test, which is the main focus of our study. 8 The CPI data is seasonally adjusted.
that occurs because of CSD, we have implemented Chang's (2004) bootstrap methodology in the context of the IPS test. Another aforementioned weakness of the standard IPS test is that it is based on the assumption that the RERs follow a linear adjustment process, which may not be true according to the existing empirical evidence. Thus, to allow for nonlinear mean reversion in the RERs, the UO panel unit root test was also applied to the RERs that also allows for CSD. The UO test is obtained by extending the Kapetanios, Shin and Snell (2003) time series unit root test to a panel setting. However, the UO test ignores the possibility of asymmetric adjustment. Since the RERs are documented theoretically and empirically to diplay asymmetric behaviour, we further apply the EO test to the RERs that also uses additional information from the cross sectional units to achieve a power gain.
We started by conducting the IPS test to the full sample of OECD countries, and concluded that the null hypothesis of a unit root in the RERs could not be rejected (producing the value -2.109) 9 . Thus, the conventional linear panel unit root test has rejected the PPP hypothesis for the whole set of countries included in our sample.
Afterwards, to investigate for the possibility of nonlinear mean reversion in the RERs we performed the UO ( nl t ) and EO ( Özdamarlar (2014) . We also give a sequence of UO tests applied on a reducing dataset using the SPSM procedure (third column), the individual minimum KSS (the univariate counterpart of the UO test) statistics used to decide on the individual series to be dropped from the panel (second column), and the stationary series identified using this procedure each time (first column). Panel B reports the results of the EO test applied using again Chang's (2004) Sieve bootstrap methodology. 
Conclusion
This article centers on the PPP theory, which has been one of the most important and controversial relations in macroeconomics. While the PPP theory suggests that RERs should be stationary so that shocks to this variable die out quickly, in numerous empirical studies the RERs have shown to display high persistence. This apparent inconsistency between the data and the theory has an enormous and ever-growing empirical literature on PPP to develop. While numerous articles testing the PPP theory have been published, still there is no clear consensus on its validity.
To provide some further insights into this literature, in this study we reinvestigate the PPP hypothesis and provide new evidence on its validity by testing for the presence of unit root in the RER series for a group of OECD countries using a recently developed panel unit root test. We examine the behaviour of cross-country RERs for 24 major industrial economies from 1990:1 to 2013:12. The voluminous literature on PPP points to the presence of asymmetric nonlinear behavior in RERs, which implies that asymmetric nonlinear mean reversion should be considered when investigating the stochastic features of these series in a panel context. In addition, handling crosssectional dependence is especially important in analyzing macroeconomic variables with close cross country links like the RERs. Thus, in our study we use panel unit root test statistics that take the presence of symmetric or asymmetric nonlinearity and cross-sectional dependence into consideration. The power of these tests increases relative to that of the standard univariate unit root and stationarity tests when the cross-sectional information is utilized and the data span is increased. Accounting for these characteristics is crucial to succeed in dealing with the potential biases of statistical inference.
When the RERs were tested for the existence of unit roots against the alternative of linear and symmetric mean reversion using the IPS test, the PPP hypothesis was strongly rejected for the entire set of OECD countries included in the study.
However, by allowing the possibility of nonlinear but symmetric mean reversion, PPP is found to hold for Mexico, Iceland, Poland, Turkey, UK and Greece. The UO test was able to provide favourable evidence for PPP in 25% of the sample. When the possibility of asymmetric mean reversion was further allowed and the EO test was applied, the RERs of additionally Korea and Switzerland were shown to display asymmetric mean reversion. The results obtained in this study may mean that the RERs do not revert to an equilibrium value even in the long-run and thus, new theoretical models should be developed incorporating changing equilibrium levels over time. Another possibility is that the PPP holds only over the very long-run and we have insufficient data to verify its validity. This second possibility would be in line with the findings in the literature that the deviations from the PPP are corrected a very slow rate 10 . A final possibility is that the PPP hypothesis holds but to reconcile the data with the theory more powerful econometric methods should be developed. In the present study we utilized a test that marries the two strands in the literature: panel unit root tests and asymmetric nonlinearity. However, as argued above when conducting the panel unit root tests the presence of cross sectional dependence and thereby the degree of heterogeneity in the panel alters the results in a great way. This study shows that the researchers should be careful in this respect. Moreover, in this study the presence for structural breaks are overlooked. A further extension in this perspective can be the development of panel unit root tests that allow for both structural change and nonlinearity simultaneously.
